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THlE WMJT 0F TPARTURR AID RUMZDIOZ- M__X AC.0

([Following is a translation -fan article by.D. J. Rosa.

tenburg, I the Afrkans sn~age priodica a3=Ad

Agro Scie. Vol. 2. So 1. 195991pp 19-31)

The geramtion of conidia of Brysiphe cohoraoserum of tobacco
oia dry glass plates is determined. The most Important temperatures are
i~c follow; ainimim. loweor than. 9 .C; optisuz, 214-2!fo *And eAuiuna
30-35*0. Oonidia of the fungus germinate at 0 to 100 percent relatiLve

*humiit at temeratures between 1!P and 3fC.

The most Important temperatures for the development of powdery
mildew of tobacco ares miniman ?00., optimm 2.C.and maxIm 2e'0C

Tho temperature and the relative humidity of some tobacco-produc-
V ifl1 regions inside and outside the Union of Sauth Africa and the, asist-

enc~e of povd "y mildew in those -regions is determinedt it show that
the fungus -doss not exist in regions with an average daily te.~ertur
of 29 C aid higher. The relative humiditY appareNtly Plays a loe impor-

r~K tant part in the Origin, development and spread of the fungus diseases

IntroductionLpogwey mildew without doubt causes one of -the most Important and
harmful diseases of tobacco in certain parts of the Union of. South ifrisaIt causes yearly losses that can amount in some 0a8es to.3O pecnt Of

Although as a fact +A* disease exists in all parts of the world
where tobsoco is raised, yet it Iis not sverY**er equa3ly harmful. Just
as in the Union of South Africa where there are rMions where the powdary
mildew is of uatmost economical importance. there are other resgions9 vwr
no harm is donee



In the tobacco-producing distriotb of Rustenburgo.Brits, Globera.-
ndt Potgieterarust, for Wntanioe, "the dissas, is go~erally pr*34nt,

v1011 tobacoo gromu In thie U'latricts of Orighstad and Pengola U~ only
slightly affected, and it is unknown in the X 1.2mrt district.

The questior to be answered is wby the disease in certain parts
4C --rimus and absent in other regians.

Procedure

The gernination of &am; i Or kisyphe ciehoacearu is determin-.
ed asfllwso To obtan arightamountof .spore tobe wedIn the sx
pwAgiuM~athe* tobacco plants in pots, wsere kept .duri~g. sewe 4575 in
climate rodas unsder arti-ficial 110t. The rest wac that a&budznt apor-
ulation took place on the plants in aMch rooms,, idiere the temperature,

was kep-W betweenw 17..22* C
A reasoab3y equal dispersion of conila covld be realised by

pressing sRIdes l5.ht3T on the suore lolaenes. ItShowed Ult when the
slides wor pressed on the Ocloflies with too vach forcep*.too %Wn old,
shrunken spres, unable to germinate, were glued to the slides.

Th- "ss with aonii were izmediate], placqd in open Peti
dishes. After this the dishes were placed in closed coutazveS under
certain conditions and kept for 214 hoam In incubare -at a certain tm-
eratur.. i.6y- e~erinint was repeated threa tines and every time ap-
proxilat~ly 200 spores worg countse. The geinination percentage at
ewery tuspersture aid relative' humidity thus, was, calculated at an aver-
age of six h~drC4 sprs.

cet After gemination the ionidia mr killed by staining with a 5 Per-.
tmfor the, right paeaWAmasce,*Uqhexpsximts and further gersination

of the spoivs, after the slides Wir"e ronived from ~the axperiwmntal air-
ousatanoes was avoidedl besides, the counting of the 9erminating spores

The doevpment of the fungus oan the tobacco plant was studied in

cligate rodm (pears., 1955) under-artiftoisl light. All possibl Pre-
cautions were taken to be sure that the plants weeabsolutely free from
powery .114w cortanination. Tobacco plants i pots, for, instance were

frtoweekgsgeery other day spts~ed with caratane powdeir and then
thorwg~y =zashd. Alfte this the 'Plantv were, duriag at loust two. weeks.
rqgularly dW with clean water* Plants treated this Mwa Were Iaoft-
lated &A Iasdi differet olimte ,rooms at' ~Usrturest respective-
In, Af 5, 13, 1?, 20o 23-5 and IfC. 'fhesurfae of thelIe am eof a
t!.ant was cal&ulte*d by the gethoed Of Lal and 8ub~a (1951), the nunbsO
of colonies -W the plant countood and the contaI natio per squar inch
calculated.
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The effect Of tewP~ratuirs On the germination ot conicaa of Rryil.-
hecichoracemisu L shown in Table 1.

Table I* The pmrm+$Ags =0 germination of conidia of fryiphe ciohara-
airmum a-'* different temperatures in a saturated atmosphere.

r Temerature Oem~notime

degreea' centigrade percentage

15 19.520 50.3
22 .55.0
2f. 60.9

2, .61.6
24. 43.o

35 0.00
The results show clearly that$

(U) spore germination Is at its best between 2L4-2rCs
(i) Percentage of germination is nmte at fC, but at 1eat 10$

of the spores still germinate at both 3.0C ad3V C.
(Mi) No germination at ,v C.

The reewIt o,! the espariaite to dett.rmine the mzaut of omidi.-
of the powdery mildew fungus geminating at 100Cy 13*C, VdC, &C. And
25Cq ise shw -in 151gure 1I. .F M. 1 not ohmw In somre.]

The obtained r muIts ebcwclearly thats a 5

thA eaame time.I(Mi) The epores relatively soon germinate beuaareasonable a-
asut of germination at all thse teoprator existe already
after a period of three hours.

The developmt of the povw ery~dur diseuse of tobacco umiez
artificial light ise ruon in Figure 2. (fig, 2 met shmw in soure.]
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Tabla 2. ho perocntag. geranmton of conidia of the tobacco powdery
aildew fungus at different temperature. and relative huxM4i-
ties after~ 24 hours.

4 Percentage geraination at different tenweatures

Re~iveHvsidtn ise 2aised Wo

T~~~~~5- pwz.es ofti4n3~1si~ a odtl. thee0eo o
89*9at 15 uud.6~ on. 7h 4'whaddv 1.1 ofth owde
Too;v frgscdofn.1 i .iposlb. the 28-0aio 1h te is3

shet data oable 2 ether dithef lwigts.ls

(A ) Teheatri codm iha4hmo eaiebtdt

leverfra .0 Percet t 2.20*0 anden ialm dsareae of gapibetwen
the temartin Isio Clentarly s poble esobem ie
t an t reaas ouhnt nten (3zgaa. or iastne
n~ o~ituiato atal at a relsat eherldtaltmrt of 0~ aered

2S i)ea "atu' the optima temperatue for soareamiation a a ix,
ma fortd uPercnot 0ed~ n oas iwi b t . plcant a inemfat

f (ITu di t the 290tarratur ainind not at h aertai eretag ~e

Of ouiv bidr M he o fC o n



results aro very well in adoordance with those of Levijkh (1940) as to
the minimam, optimum and saximum temperatures, which were respectively
100c, 16-2WC, and 260.

The contamination of tobacco by powdery mildew takes place at a
much lower temperature than the temperature at which the plant normally
grows. The fuius, is killed by temperatures of 290t and higher, which
does not sees detrimental to the plant. This conclusion is more or less
in accordance with the experience of Delp (19541) as to powdery mildew
on grapes.

A comparison of the average temperatures in some tobacco-produc-
Ing regions in sadd outside the Union of South Africa shows thatthe aver-
age of the daily minimum-maximum temperature in those regions is conmec-
ted with the caddinal temperature for contamination withi powdery mildew.

For the pupose of this -investigation the climate and the presence
or absence' of powdery mildew was studied in the follow.' countried and
regions: North Carolina (US), Sumatra, Java, Xara hJzas (South Rodeuia)
and the Union of South Africa.

In the Union of South.-Africa Virginia tobacco Is produced in cea-
tra1, North aM mast Transvaal$ the southwest and emit districts of Cap.
Province and the oabtal dist,11ct of Natal. The climate in these re-
gionza rfv&"is from tropical to sub-tropical and -the tobacc reiM w
usually uituated lower thin, 4000 feet above sea level.,

In the Federation of Ithodegia and i &3saland Oneo of the biggestr producers of tobacco in the world, the tobacco is grown up to a height
of 5000 feet above a level.

F The raising of tobacco in the last Indian islands during the ktch
reign was Aostly done in the lower parts. On Sumatra tobacco is ^seldom
raisad at a highor leve than 65o feet above sea level. The indigenoius
tobacco locally used by the population is grown Inland at higher places;
the tobacco as Java again between 400 an 80feet above sea lavel.

The VUS produces tobacco from the southern paut of Wisconsin ad
Connecticut Valq to the northern part of Florida. The tmeauedr
ing the growing asason varies from 21.1 to 25.3P'C* In the central parts
with the biggest production the average temperature is 24.90c or a little
higher.

As the powdery m3A4= disease does not exist in some regions. and
countris an A.wstigation took place to determine whether there is a
r;Orrelato between the tempeiratures In different tobacco-producing Goun-
tries and the presence or absence of the disease* The results of the In-
vestigatiod as to the temperatures only is shown in Table 3#



Data In relation to the presence of powdery i&.ldw in regions and
co@uJIriza @ettde the Uaioa of South Africa (Table 4i) is obtained from
publications (DJAngrawnd. 1923; Swart, 19341; Wlfp 1935 and Hopkins,

196)Data with respact, to the tobacco diwse in the Union of South

Africa wwoorervdb the ato.Tedaar bwinTable 41.

Table ko The dee of development of pow dezy mld~ew in different local-
ities and countries in w.hich tobacco is grown.

Coutry Locality Degree of development
of the diseaus

Union of seath Africa Rastwbarg +

Kanatipoort -

USA North Caroliwa

Swatra )Idcn
'Fort dolok *

Java Pandang-ftempling **

The daa f abe hoceal that average daily minlaim tsmptrsinPrgl adK~t-
waores arit th.sume nightb -in Koastarg . adlittled vznt if-

fe 216 avomm t. dae ly Ox adnm tafprtre In t Inst
inr regis. a' Utfhn thn ihl 3, fobrg he Piogl bCompang are lower
tha ave C. 2 ieb tmpet.re ince Pogoat drztmnthes (Jaan Rieunad
mob usaiy) sad Is omtoort, uring ive moth (NIsemb-tlmuch) aifre -

port athoug thge nihtfI dev.mt o t dsae astl wrme inta in rv

o1.rw" ~ sh averag* daily manziwandminima temperatue ntefsa-
ture dini thesume The relason for t'ho dtar minon a" t lewerc

thet p dere ilew is depidmin of thsen dise ver easo, in e4pogo
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rit was never of any economic importance and In the Komatiport region itwas altogethier abs.pnt.

Ca-4aring the average temperatures during the sauumr months in
Rustenkurg, Medan, North Carolina and Karandollas (Table 3) it Is shownthat there is not much difference in the maximum temperatures, not in

P Medan and Rustenba.gi, for instance. During tho winter months the aver-
age maximum te.p*ratures are much higher in Medani than in hustenbarge.
The nights cre much colder in Runtenburg than in Medan. The consequonce

* is that the average daily maxi mam-minimum temperature in Rust~nbirg a1-
ways is lower than 2.5% the average aaximum-minimm temperature in Me-
dan, during the months tiubacco is harvestoe (October-D eember). always
is higher than 250C. The average maximmnxu temperatures in Mar-
andellas are approximately the same in Rustenburgi the temperaturs in
North Carolina iuring the tobacco season are in accord withi those in Me-
dan.

Regions like Medan and North Carolina, where the days as well as
the nights dn-ing the growing season are warm and corns eqaently the aver-
age daily ma3xiam-uinimm tempera-ture are higher than 2C have no poWd
ery mildew, as the data in Table i4 show. This in opposition to the fact
that powdery mildew is abmndantly present in Ruuteabnrg and NarandflAs

* where hot days and cold nights wake the average daily =nau-ulnimm
temperatures In the middle of the ammer lower than 2 C.

The inhabitants of Sumatra during the Duitch reign planted tobacco
in locations 650 feet and higher above sea lerel and the tobacco was
sericably affected ty powdery mildev. Because olimatological data of
thit locations where the inhabitants raised tobacco are aot available,
the temperatures of Fort de lock (2900 feet above sea lvel) uVre use-d.
The~ data of Fort do Kook were only used to show that the high Joland
is very much cooler than the coastal regions. A omparison of the temp-
eratures In Medan and Fort de Kock is shown In Table 3.

Both the day and night temperature in Fort do look im much I/fte
than the day and night temperature in Medan. It Is rmkblbethat the
average daily aim -inumtemperatures in Fort do Took are approxi-
mately the same as in hustenburg, and it is not astonishing that the to-
bacco in the inland of Sumatra shows the sane serious ontmnt as
in Riistenburge

Mt~.rological data from the tobacco regions in Java wore not a-
vailable, bat the publications of Jensen and do VrIes (1912)and D'Angre-

mod(1923) show that the powdery mildew there is fairly serious; D'Asag-
remond states, for Instance, that Pendang-Siemping is an 'eminent fungus
land".

Altogether it can be said that the air temperature. play a very
important part for the presence of powdery mildew of tobacco In certain



locatiomr or eeazo n wd alto an to the degro. of oontaxinati.-n. Tarming
the scale for controlling the diseaae ia not ao mAch the nawn or min-
In= daily teiperature is a -:anstant daily temperature of 21C up or an
LVArage daily waia-alninin temperature vnf higher tin 2 (

B. Rallative HtmSidity

It is a wall known fact that some of the Rrysiph.aceae can only d&-
3 Yop in a very hvmd atmosphere and others can resist a veryv dry one.

Lwngrwe (1939) fmiad that on roises, conidA of powdery mildew
germinate va&7 well at a relative humidity of 95 pmrent and higher, and
that littloi gezuiation takes p~a'e be-veen 75 and 95 percent and no
ge-miutioz at all at a lower relative humidit7 thtan 7-5 percent. In dqn-
taast to tis, Doip (1956) found that the germination of conidia of Un-
ciaula betwee tho minlim and optimim tperaturos are not influenced
by low huuiit., !arvod (1936) shoved that the kysiphe po3ygoni. of
olover aid, tons~ can stand a 1lWor hvisidity than Iz'yelphe plygon3. of the
wastia plant. Actually. to which degree relative humidity determ~nas
the pr~es.6 of Irysiph. cichorcesrum in tobacco'ii till now unknow,, but
in the past it was generallyaccptxa that, high htmidity of the ataos-
phere was beneficial to- the disease (D'Angremond, 1923). Le,1c. k (19140)
maintained that wader optimal circumstances of temperature, conlii ofI powdery mildew germinated best between 60-100 peroenkt humidity and that
at teprauo of 16-23.60C and a relative humidity of 60-100 percent
the disaase will flourish best.

Cesiari..m of the hviidity of two tob'icco regions within tbe Union
of south Africa shows that the relative huidiV in onantpoort Is much
higher than in Thabaimbio

The dta of Table,5 show clearly thit the relative humidity in
ftabazimbi duriug a great part of the tobacco growing aeason is m~ner 50
perceant; the !haidity during the samw period in Koatipoort is 3ll-19
percent higher. According to 7'Angremond the tobacco of lomatipoort
xhoulAd be sttmagly affected by powdery mildew, and the disease in Thab-
asimbi sbould be no problem at all. However, observatiois show just the
opposit. bease the disease is absent in Komatipoort and rather seri-
cue La Thabatimbi.



Table 5. The mean daily relative humidity at Thabaimbi and Komatipoort
over the 12 months of the year,

month Thabaziabi Komatip,;_.A

54 67
I. 57 68
M 57 70
IV 55 66
v 54 63
VI 51 62
V=I 48 59

X 37 58

n 4 III59 5 6

Study of the contamination and development of the fungus undejrdifferent cliovuxtences of humidity and temperature shows that the huji-dity, relatively .peaking, is of little or no important for the develop-

ment of the fungus; nowhere in the investigation in the lack of growth
of the fungus caused by4a low humidity. This study stresses the point
nf the great toleration some mildew fungi have for low humidity, L'i ac-
cordance with the results of Tarwood.

Although rowdery mIldew contarInation is most times attributed to
high humidity, it is far nore the result of a low taperature in the to-
bacco locations (as is also sh-,wn for Uncinula necator on grapes, by
Delp, 1934)o Of the two importLnt surrounding factors for the develop-
ment of powdery mildew (temperature end humidity) the temperature is by
far the more isportant. Actuallyc this investigation show that as a
fact the temperature is the only determining factor fot the contamination
of tobacco by powdery mildew.

Suwary

TA BFUPT OF TWERATURE AND BRUIDITY ON THE TOBACCO
POWDM NILDE F US

The influence of temperature on the germination of conidia and on
the ixfeotion of tobacco by powdery mildaw was determined. For the for-
mer thep, optimmand maximm temperatures wei-, found to be lower
23. ?bn -2 n between 30-3* .and for the latter
23.5 -nd 26rw4eeotively.
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The existence of a very close correlationl btween the occurrence
fOf powdery mildew in ommtain tobacco areas and teie average da* maxim~u-
innlUu t"ineratures prevailing in those areas could be shown. It was

acre, no forelatplon te H heocrrneo powdery mildewAino ovinaesihc

Reatehrit ianh tohxpes herewand, ha o es inut feeora
3. J. Dippc n, oad o the Dmiatent of thlant Dias o the urnve

Led~ fo 0rtoia a0d Deren. J bee Digrareo of thean Venral Intitute
fore oecorrneatigion, e tenbR.rH. fo thei alu le hfpwep- andd
coudse nths esarh

[traino G~tratitud
[~ ~ ~ h D'nrautho wishe (19 o) wEestrsin a hw eldhi e raitd to Prfsor

B.J in pna ddofte VDstlpde (ig tgant Filfungus, D is sptec. Uive
sthe o retor,nd Dr Ja) . statkp iret of rteaCen tacc In-t
forToaccom Inetgto, atnug orter9.=.ohl n d

hglndOxfrdUni. ress. nce

JeseNJ YadL d (Fg ginst 0.el (19lls) bOgg.iuniu pe. n&
he11 (oRnteot ofva toJUrny o3i 93p. station of VorsewsdnTbac.I-
fostaia obaco Inomai9 .6
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